The Ice Age:
2. Milankovitch Cycles & Climate Change




Glaciation in the
northern hemisphere

(correction from last time: The ice-
free corridor is no longer regarded
as the route man took into North
America.)
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A receding glacier: Gulkana Glacier, AK
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Glacial recession

Gulkana Glacier

South Cascade
Glacier in 1928
and 2000
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Why do glaciers advance and retreat? Milankovitch Cycles

Three systematic variations in the

Earth’s motion. Discovered by
Milutin Milankovitch:

Variation in the eccentricity of the
orbit

Variation in the tilt of the Earth

Nutation (precession of the
equinoxes)

Eccentricity Cycla (100 k.y.)
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Normal to Ecliptic ©%5colt Butherford (1997)

Precession of the Equinoxes (19 and 23 k.y.)

Morthern Hemisphere tilted away from the sun at aphelion.
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Nernhem hemisphere tlited toward the sun at aphelion.
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Do Milankovitch Cycles work? Yes.

Average marine
Eccentricity Tilt Precession Combined signal oxygen-isotope
(%) (degrees) index (radiation received) ratio
2 6 220 239 248 0.04 =002 -0.0v -270.0 2.7 20 —2a
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O1%/018 ratio

Wiater with
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evapnnites i Ice sheet melts, returning High
oxygen-1 & to ocean seq level

Low seg level

Ocean depleted in oxygen-16 © Occan enriched in nuygmrfﬁ
(O'*/0' ratic increased) [(elb/elis ratio decreased)

(a) Glacial period (b) Interglacial period

Oxygen has two stable isotopes, O'% and O'8.

O'6, with two neutrons fewer than O'8, is slightly lighter.

Water (H,O) with light oxygen evaporates slightly more readily from the ocean than
water with heavy oxygen.

Snowfall is therefore enriched in O16 relative to the ocean.

As glaciers grow, the ocean is progressively depleted in O16.

As the O'6/0O18 ratio in the ocean is reduced, the O16/018 ratio in the latest snow is
also reduced.

So the O'%/0O"8 ratio is directly related to sea level and to temperature.
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Isotope record




Sea level variations

a. Global climate history Thousands of years ago
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lce cores from Vostok

Station, Antarctica

(The Greenland core now goes
back even farther, to 250,000

CEIS)

Time
(years ago) Holocene
interglacial

End of
Younger Dryas

Last glacial




Vostok

Methane (ppb) Carbon dioxide (ppm) Change in temperature from present (C°)
400 500 600 180 200 220 240 260 280 300 10 &8 & 4 -2 a
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Based in part on G, Lorius et al. (1900), The ice-core record: Climate sanaitivity and future gresnhouss
warming. Naturs, Vol 347, pp. 138-145; J. T. Houghton, G. J. Jenking, and J. J. Ephravms (1990)
Climate Change: The IFCC Scienilfic Assessment (Cambridge Univeraity Preas), Fig. 2

Copyright 2000 John Wiley & Sons, Inc. All rights reaenved.
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Temperatures from the Greenland Ice Core

‘ka” means
“thousands of years
before present’

(“Ma” means
“millions of years
before present”)
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Recent temperature changes

Norithern Hemmsphere lemperaiure anomaly

Global Temperature
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e We know in pretty good detail how Earth pulled itself out
of the latest Ice Age, but we have no idea how rapidly an
lce Age can begin.




Why the recent temperature change?

Carbon Dioxide Concentrations
Ice core data Mauna Loa Mauna Loa (dots) and South Pole (line) CO2. 1958-2002
(Hawaii) 38

1860 1880 1900 1920 1940 1960 1980 2000

CO2 concentration in the atmosphere definitely plays a role.

The human contribution is important and has contributed to
warming,

Warming was, however, inevitable.
The problem is the rate of warming.




The consequence of global warming: a new ice age?

Low salinity

Arctic ou

Moisture
via wg

tflow

si'znspr.n'l -

River
discharge

Melt ice, increase
rainfall.

Cold fresh water
stops the warm
current.

Europe gets much
colder.

We enter an Ice
Age!

Could happen fast
(75 years), but not

as fast as The Day
After Tomorrow.
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Very long term temperature variations

Present temperature
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\ The Permo-Carboniferous Ice Age was
Triassic probably caused by the ascendance of land

o~ plants.
S Chrsonirous e CO2 taken out of the atmosphere and locked up

GLACIATION

Carboniferous — in carbonates.

Devonian 4 The modern Ice Age may be related to
15 mountain building.

Palaeozoic

Silurian




